Objective: We wanted to evaluate the usefulness of the computer-aided detection (CAD) system for detecting pulmonary nodules in real clinical practice by using the CT images. Materials and Methods: Our Institutional Review Board approved our retrospective study with a waiver of informed consent. This study included 166 CT examinations that were performed for the evaluation of pulmonary metastasis in 166 patients with colorectal cancer. All the CT examinations were interpreted by radiologists and they were also evaluated by the CAD system. All the nodules detected by the CAD system were evaluated with regard to whether or not they were true nodules, and they were classifi ed into micronodules (MN, diameter < 4 mm) and signifi cant nodules (SN, 4 ≤ diameter ≤ 10 mm). The radiologic reports and CAD results were compared. Results: The CAD system helped detect 426 nodules; 115 (27%) of the 426 nodules were classifi ed as true nodules and 35 (30%) of the 115 nodules were SNs, and 83 (72%) of the 115 were not mentioned in the radiologists' reports and three (4%) of the 83 nodules were non-calcifi ed SNs. One of three non-calcifi ed SNs was confi rmed as a metastatic nodule. According to the radiologists' reports, 60 true nodules were detected, and 28 of the 60 were not detected by the CAD system. Conclusion: Although the CAD system missed many SNs that are detected by radiologists, it helps detect additional nodules that are missed by the radiologists in real clinical practice. Therefore, the CAD system can be useful to support a radiologist's detection performance.
INTRODUCTION
The lung is the most common extra abdominal site of metastases from colorectal carcinoma. After resection of isolated pulmonary metastases, the 5-year survival rates range from 22-42% (1) (2) (3) (4) . Therefore, early detection of pulmonary metastases is very important for treating patients with colorectal cancer. However, detecting pulmonary nodules is time-consuming work and this requires the complete attention of a radiologist.
For this reason, computer aided methods have been developed for detecting pulmonary nodules, and their roles in assisting radiologists have been demonstrated (5) (6) (7) (8) (9) (10) (11) (12) (13) . However, in most studies associated with use of the computer-aided detection (14) system for detecting lung nodules, the radiologists who participated in the studies knew the purpose of the study beforehand. These partly unblinded study designs could have cause an observer bias.
This study was performed in a cohort of patients with Kyoung Doo Song et al.
Electric Medical Systems, Milwaukee, WI) to a CAD workstation was achieved using the DICOM (digital imaging and communications in medicine) protocol. The images were displayed and processed using a commercially available software program (Extended Brilliance Workspace v3.0, Philips Medical Systems, Cleveland, OH). All the CT images were interpreted within 24 hours of the CT examination by one of fi ve radiologists who specialized in thoracic radiology in routine daily practice. They each had one to fi fteen years of experience in thoracic radiology. Their fi nal offi cial reports were recorded in the EMR (Electric Medical Records). They did not refer to the CAD system during the interpretation of the CT examinations.
All the CT examinations were retrospectively processed by the CAD system. The CAD system marked the suspicious pulmonary nodules with squares ( Fig. 1) .
Another two radiologists (a resident, and a thoracic radiologist with 10 years experience) who did not take part in the interpretation of the CT examinations carefully reviewed the results that were processed by the CAD system and the 166 offi cial reports.
First, all the suspicious nodules marked by the CAD system were evaluated by the two radiologists as to whether or not they were true nodules. If there was a discrepancy between two radiologists, a fi nal decision was made by consensus of the two radiologists. The criteria for true nodules included the shape, margin, size, density, location and the relationship with the surrounding structures. All of these factors were considered in determining whether or not colorectal cancer. The incidence of pulmonary nodules, which are clinically signifi cant, is higher in the population with colorectal cancer than in the general population. Furthermore, pulmonary metastases generally show a rapid clinical course. Thus, the existence and detection of pulmonary nodules in patients with colorectal cancer has tremendous clinical signifi cance.
In this study, we compared the offi cial radiologic reports and the CAD results in order to evaluate the usefulness of the CAD system for the detection of pulmonary nodules in a cohort of patients with colorectal cancer under real clinical circumstances and without an observer bias.
MATERIALS AND METHODS
Our Institutional Review Board approved our retrospective study with a waiver of informed consent.
CT Scans Data
This study included 170 consecutive patients with proven colorectal cancer and who had attended our institution and who had undergone chest computed tomographic (CT) examination for the evaluation of possible pulmonary metastasis between March 2009 and May 2009. Among a total of 170 chest CT examinations, four examinations were excluded. As the sequela of previous pulmonary tuberculosis, the lungs of these four patients were destroyed, and many fi brotic bands and calcifi ed nodules were observed. The CAD system marked more than 20 suspicious nodules; however, evaluation of these nodules detected by the CAD system was impossible. As a result, 166 patients were fi nally included in our study: 105 patients were men and 61 were women and the patients ranged in age from 38 to 76 years (mean age: 59.7).
CT scans were obtained using 64-section MDCT (LightSpeed VCT, GE Medical Systems, Milwaukee, WI). The acquisition parameters were 120 kVp, a pitch of 1.375, a 0.5 second gantry rotation time, a 40 mm beam width and 120-200 mAs/slice with size-based adjustment of the automatic exposure control. The axial images were reconstructed with a 1.25 mm slice thickness using a high spatial frequency reconstruction kernel.
Comparing the Performance of Radiologists and Computer-Aided Detection
Network transfer of the CT data from a picture archiving and communication system (Centricity 3.0, General Candidate lesion is marked (arrow) on captured image from computeraided detection. This was actually branch of right superior pulmonary vein.
the nodules marked by the CAD system were true nodules. All the nodules were classifi ed according to size as either micronodules (MN, diameter < 4 mm) or signifi cant nodules (SN, 4 ≤ diameter ≤ 10 mm), and they were also evaluated as to whether or not they contained calcifi cation.
Next, the two radiologists, who reached a decision by consensus, reviewed the 166 offi cial reports. They assessed the presence of nodules that had been remarked on in the offi cial reports.
Finally, they correlated nodules that had been remarked on in the offi cial reports with the nodules found by the CAD system. The nodules that were detected by the CAD system, but that were not remarked on in the offi cial reports and the nodules that were mentioned in the offi cial reports, but that were not marked by the CAD system were evaluated. The size, location, presence of calcifi cation and opacity of all the nodules were also assessed. The location was categorized into the subpleural area, the fi ssural area, the costophrenic angle area and the lung parenchyma. Opacity was categorized into nodular ground-glass opacity and solid nodule.
RESULTS
The CAD system marked 426 candidate lesions for a rate of 2.57 (426 of 166) per patient. The number of nodules detected by the CAD system varied from zero to fi fteen; 115 (27%) of the 426 candidate lesions were classifi ed as true nodules and the remaining 311 (73%) were false nodules (Fig. 1) . Of the 115 true nodules, 35 (30%) were classifi ed as SNs; 52 (45%) had calcifi cation and 18 (16%) were noncalcifi ed SNs.
According to the 166 offi cial radiologic reports, 60 nodules had been remarked on and all these nodules were A. On axial CT image, small non-calcifi ed lung nodule (diameter = 5.4 mm) is noted in right minor fi ssure (arrow). B. On captured image from computer-aided detection, nodule is marked as C1 candidate lesion (arrow). This nodule was detected by both computer-aided detection system and radiologist. C. On axial CT image performed one year later, nodule shows no interval change of size and shape (arrow). Note newly appeared malignant pleural effusion in left hemithorax.
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true nodules; 33 (55%) of the 60 nodules were SNs.
Comparison of the two results showed that 83 (72%) of the 115 true nodules detected by the CAD system were missed or neglected in the radiologic reports; 28 (47%) of the 60 nodules that were remarked on in the offi cial reports were not detected by the CAD system; 32 nodules were detected by both the CAD system and by the radiologists (Fig.   2 ). Therefore, a total of 143 true nodules were detected by both the CAD system and the radiologists ( Table 1) .
Most of the nodules detected by the CAD system, but neglected by the radiologist, were MNs (69 of 83, 83%) or calcifi ed SNs (11 of 83, 13%); however, three (4%) nodules detected only by the CAD system were non-calcifi ed SNs (Fig.  3) . One of the three nodules was 9.5 mm in diameter, solid and located in the left hilar area. Another one was 6 mm in diameter, solid and located adjacent to the left cardiac border. The other was 4 mm in diameter, solid and located in the right lower lobe. In contrast, 11 (40%) of the 28 nodules that were detected by the radiologist, but missed by the CAD system were non-calcifi ed SNs; eight of the 28 nodules were ground-glass opacity nodules, 20 of the 28 nodules were solid nodules and eight of these 20 solid nodules were located in lung parenchyma, seven were in subpleural areas, two were in fi ssural areas and three were in costophrenic angle areas. All these nodules were noncalcifi ed.
The number of additional non-calcifi ed SNs detected by the CAD system (n = 3) accounted for 0.7% of the candidate lesions marked by the CAD system (n = 426), and 5% of the nodules were remarked on in the offi cial radiologic reports (n = 60). One of the three nodules demonstrated an interval increase in size on the follow-up CT imaging, and metastasis was surgically confi rmed.
DISCUSSION
Several studies have evaluated the performance of CAD systems for the detection of lung nodules. They have demonstrated a role for CAD systems for not replacing radiologists, but for assisting radiologists. However, in the previous studies, the radiologists who participated in detecting lung nodules already knew the purpose of the studies, which means that the results of the previous studies could be skewed by an observer bias. The included population of our study was restricted to patients who were diagnosed as having colorectal cancer, and we evaluated the performance of the CAD system under real clinical circumstances without an observer bias. As a result, the CAD system additionally detected three non-calcifi ed SNs, which was 5% of the 60 nodules remarked on in 166 radiologic reports. Considering that the patients were diagnosed as having colorectal cancer, non-calcifi ed SNs surely needed to be remarked on. In fact, one of the three non-calcifi ed SNs demonstrated an interval increase in size on the follow-up CT imaging, and then metastasis was surgically confi rmed. Although the CAD system additionally detected three noncalcifi ed SNs, it missed 28 nodules among the 60 nodules that were remarked on in the radiologic reports. The results of our study are consistent with the results of previous studies that demonstrated a role for CAD systems not to replace radiologists, but for assisting them.
The CAD system detected 426 suspicious lesions at a rate of 2.5 nodules per one CT examination. However, only 115 nodules were classifi ed as true nodules. Therefore, the positive predictive value was 27%. If we consider only 18 non-calcifi ed SNs to be positive, then the predictive value is decreased to 4%. The low positive predictive value is the reason that many radiologists hesitate to use the CAD system.
The CAD system recognizes opacity lesions surrounded by lung parenchymal attenuation as nodules. Considering this principle of the CAD system, we can expect that nodules in the subpleural, fi ssural and costophrenic angle areas might be missed. In our study, the CAD system missed 28 nodules among the 60 nodules that were remarked on in the radiologic reports. Eight of these 28 missed nodules were ground-glass opacity nodules and 20 were solid nodules. According to the size criteria, 11 nodules were SNs and all of them were solid nodules. With regard to location, 8, 7, 3 and 2 nodules of the 20 solid nodules were located in lung parenchyma, subpleural areas, fi ssural areas and costophrenic angle areas, respectively. Against our expectations, lung parenchymal nodules were also missed. This result showed the limitation of the algorithm of the CAD system.
In the previous studies, the nodule detection sensitivity of CAD systems has varied from 38% to 95% (14) (15) (16) (17) (18) . These results might stem from the variety of CAD systems, the patient groups, the studies' methodologies and the characteristics of the nodules used in the studies. In our study, we did not know the number of nodules that were missed by both the CAD system and the radiologists. Therefore, we were not able to calculate the exact sensitivity. However, we were able to estimate that the number of nodules missed by both the CAD system and the radiologist was quite low. Therefore, the approximate sensitivity was 80% (115 of 143), which was similar to the sensitivity reported in the previous studies.
There are limitations in our study. First, we evaluated the performance of the radiologists by reviewing the offi cial radiologic reports. During this process, we regarded noncalcifi ed SNs that were not remarked on in the offi cial reports as nodules that were missed by radiologists based on the assumption that non-calcifi ed SNs needed to be remarked on, with giving consideration to the fact that the patients had colorectal cancer. However, characterization of lung nodules does not depend only on size and calcifi cation. In fact, a number of factors infl uence a radiologist's decision. Therefore, based on their experience, radiologists might think that these nodules were benign and that these nodules did not need to be remarked on in the offi cial reports. In this case, we could not differentiate nodules that were detected but not remarked on by radiologists from the nodules that were missed by radiologists. Second, a true nodule was not clearly defi ned. The defi nite criteria for true nodules have not been established. Therefore, whether or not nodules that were detected by the CAD system were true nodules was determined by a consensus between two radiologists, as was done in the previous studies (9, 10, 19) . Third, we did not compare the performance between the radiologists and the CAD system for the detection of MNs. Forty one non-calcifi ed MNs, which were not remarked on in the offi cial reports, were additionally detected by the CAD system ( Table 1 ). The number was almost double that of the non-calcifi ed MNs, which were remarked on in the offi cial reports. However, it has been suggested that small lesions are more likely to be benign (20) and the MNs were more likely not be remarked on in offi cial reports even though they were detected by radiologists. In fact, none of the MNs detected by the CAD system were confi rmed as metastases on the follow up CT scans. Furthermore, the CAD system itself still has a limitation for not being able to detect nodules less than 4 mm in diameter. These factors made comparing the performance the between radiologists and the CAD system for detecting MNs meaningless.
To conclude, the CAD system missed many of the signifi cant nodules that were detected by radiologists, so it cannot yet replace the role of the radiologist and it probably never will. Yet in our study, which was performed under real clinical circumstances, the CAD system detected additional nodules that were missed by the radiologists. Thus, the CAD system can be useful to support the radiologist's performance for detecting nodules.
